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DEVICE FOR PRODUCING ELECTRICAL DISCHARGES IN AN AQUEOUS 

MEDIUM 

BACKGROUND OF THE INVENTION 

The invention relates to devices for producing electrical discharges in an aqueous medium 
and more particularly to devices for producing electrical discharges in an aqueous medium 
comprised of metallic electrodes that exhibit high thermal shock resistance during voltage discharges 
of the devices. 

Eiectrohydraulic shock waves are increasingly used in medicine for diagnosis, and especially 
for therapy. The most frequent application is the breakup of bodily concretions^ (e.g.^ kidney stones) 
by extracorporeally produced shock waves. Extracorporeally produced shock waves are being used 
increasingly for treating orthopedic diseases and for treating pain. Studies are also being conducted 
in the treatment of tumors and heart diseases. 

In the eiectrohydraulic production of shock waves, a high electrical voltage is applied 
between the tips of two electrodes, which are in a liquid mediimi. A voltage breakdown occurs 
between the tips causing a discharge. As a consequence, a plasma bubble is produced which expands 
explosively and produces a pressure shock wave. This shock wave is coupled to the body of the 
patient, with the shock waves being focused on a target area to be treated, in most cases. 

Since the electrodes are connected to a voltage and must carry the discharge current, an 
electrically conducting metallic material is used for the electrodes. The electrodes have been made of 
steel no. 1 .2000-1 .3000, which has a good workability for making the tip configuration. 

Under the considerable load iniposed by the plasma produced during the discharge and the 
pressure wave, material is removed from the tips of the electrodes. This so-called electrode bumout 
poses a considerable problem. The material burned out contaminates the aqueous medium in the 
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vicinity of the electrodes and has a disadvantageous effect on the discharge behavior. In many 
known versions, the aqueous medium is circulated to filter out the burnt material and the gas bubbles 
produced during their discharge firom the aqueous medium. The bumt particles can also have a 
harmful effect on the valves and the fluid conducting system. In addition, the burning out changes 
the shape of the electrode tips and the space between the tips increases. This increase in tip distance 
finally leads to a situation in which discharges no longer take place. It is known that the electrodes 
can be adjusted mechanically to compensate for the increase in distance between the tips caused by 
the burning. This adjustment ofthe electrodes is mechanically difficult. Since, as a rule, only one of 
the electrodes is adjusted, the location of the current discharges changes so that the shock wave 
production and focusing loses its adjustment. 

Another problem consists of the corrosion of the electrodes in the aqueous medium. This 
corrosion is partially increased by the fact that the aqueous medium has salts added to it in order to 
improve conductivity and facilitate the electrical discharge. Corrosion of the electrodes allows only 
short storage times for the device. It is known that storability can be improved by surface-coating the 
electrodes, for example nickel-plating or lacquer coating. This coating protects the electrode 
material against corrosion during storage. If, however, the electrode is used, the surface coating is 
destroyed during the first discharges by bumout and can no longer serve as corrosion protection. 
Storability of the electrodes after the first use is therefore not provided by such a protective coating. 
In addition, the material of the coating which enters the aqueous medium in the vicinity of the 
electrode tips during the discharge can affect the conductivity of the material in an uncontrolled 
fashion. In this way, the operation of the device becomes unreliable. 
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Therefore there is need for a device for producing electrical discharges in an aqueous 
medium, especially for the electrohydraulic production of shock waves, which ensures better 
storability and longer service life. 

SUMMARY OF THE INVENTION 

Briefly, according to an aspect of the invention, a device producing electrical discharges in an 
aqueous medium is provided. The device comprises a first electrode and a second electrode. Each 
of the electrodes comprises a superalloy having a cobalt content of greater than 8% by weight or 
optionally a nickel content of greater than 8% by weight. The device produces a voltage discharge 
into the medium when a high electrical voltage is applied to the electrodes. The voltage discharge 
creates a pressure wave in the medium. In one aspect of the invention, each electrode comprises 
superalloy having a cobalt and a nickel content of greater than 12% by weight. 

In yet another, aspect of the invention, each electrode of the device comprises a thermal- 
worked steel having a vanadium content of greater than 0.05% by weight and a cliromium content of 
greater than 1 % by weight. 

In yet a further aspect of the invention, each electrode of the device comprises a stainless 
steel having a chromium content of greater than 12.5% by weight. 

The superalloys, thermal-worked steels and stainless steels have mechanical workability and 
electrical conductivity suitable for use as an electrode, exhibit high resistance to corrosion thereby 
improving the storability of the device and fexhibit high thermal shock resistance so that the tips of 
the electrodes better withstand the high thermal and mechanical stresses during the discharge thereby 
showing less burnout. These properties are equivalent to a high scaling resistance, a high melting 
point, high specific heat, high heat strength, high thermal conductivity, and a low thermal expansion 



HMT6655 

coefficient. Based on these properties, the superalloys, thermal-worked steels and stainless steels 
melt at the high temperature of the plasma produced during the discharge only in a very thin surface 
layer, and the molten layer has sufficiently high adhesion to the tips of the electrodes that the molten 
layer is not pulled away from the tip by the pressure wave of the discharge and can then solidify on 
the tip again. This thermal shock resistance reduces electrode tip bumout so that the service life of 
the device is considerably increased, i.e. the number of discharges that can be produced until the 
electrodes and the device need to be renewed is increased. 

The high corrosion resistance of the material allows not only a very long storage life for the 
xmused electrodes, but also storage of the device once the electrodes have been used. This is 
especially important in conjunction with the higher resistance and low electrode bumout. The high 
thermal shock resistance and the greater stability of the electrodes means that the electrodes are not 
consumed during one use. It is therefore advantageous and necessary for the electrodes to be stored 
for a long period of time following a first use until they are used for one or more later applications. 

These and other objects, features and advantages of the present invention will become more 
apparent in Ught of the following detailed description of preferred embodiments thereof, as 
illustrated in the accompanying drawings. 

BMEF DESCRIPTION OF THE DRAWING 

FIGURE is a pictorial illustration of a shock wave generator. 

DETAILED DESCRIPTION OF THE INVENTION 

The FIGURE shows schematically a device 1 0 in which two electrodes 1 2 and 14 are located 
in an aqueous medium 20. A high electrical voltage is applied to the electrodes 12 and 14 to produce 
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a voltage discharge into the medium 20. The voltage discharge leads to evaporation of the aqueous 
medium 20 and therefore a pressure wave in this medium 20. 

In an embodiment, NE alloys are used for the electrodes 12, 14 as superalloys, which have a 
cobalt content or a nickel content of at least greater than about 8%. It is especially advantageous that 
such a superalloy has been found which has a cobalt content and a nickel content of more than about 
12.5% each. In particular, the alloy can also be characterized by a tungsten content of about 0.1-1 5%. 
Finally, a titanium content of 0.1-5% has proven to be advantageous in these superalloys. 

In a second embodiment^ the electrodes 12, 14 include^ a hot-worked steel witii a vanadium 
content of greater than about 0.05% and a chromium content of more than .1% is used as the 
electrode material. It is especially advantageous to have a vanadiimi content in the range of between 
about 0.07-3.5%. The chromium component can be.in the range of between about 1 to 1 5%. In one 
embodiment, the hot-worked steel has a tungsten component in the range of between about 1-10%. 

In a third embodiment, the electrodes 12, 14 comprise a stainless steel with a chromium 
content of greater than about 12.5%. Advantageously, the chromium content is less than about 30%. 
Favorable properties result when the stainless steel has a nickel content within the range of between 
about 2-25%. 

The above percentages are to be understood as percentages by weight. In the remaining 
components not listed, the usual alloy components in these material groups are found. 

Although the present invention has been shown and described with respect to several 
preferred embodiments thereof, various changes, omissions and additions to the form and detail 
thereof, may be made therein, without departing from the spirit and scope of the invention. 

What is claimed is; 



